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X-RAY DEVICE HAVING A DUAL ENERGY 
MODE AND METHOD TO ANALYZE 

PROJECTION IMAGES DETECTED IN THE 
DUAL ENERGY MODE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority of German appli 
cation No. 10 2006 025 423 .6 ?led on May 3 1, 2006, Which is 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to an evaluation method for a 
sequence of groups of 2-dimensional projection images that 
shoW an object under examination that contains a vascular 
system and its environment, With each projection image hav 
ing a plurality of pixels With pixel values, With the pixel 
values of corresponding pixels of the projection images being 
determined by areas of the object under examination that are 
at least essentially in the same location. 

BACKGROUND OF THE INVENTION 

Evaluation methods for projection images captured by 
means of x-ray systems are generally knoWn. 
An evaluation method for projection images is knoWn from 

the technical article “Quantitative Analyse von Koronaran 
gio-graphisichen Bildfolgen Zur Bestimmung der Myokard 
perfusion”[Quantitative analysis of coronary angiographic 
image sequences for determining the myocardial perfusion] 
by Urban Malsch et al ., published in “Bildverarbeitung fur die 
MediZin 2003”, Bildverarbeitung fur die MediZin 2003i 
AlgorithmeniSystemeiAnWendungen, [Image processing 
for medical science 2003ialgorithms, systems, applica 
tions], Springer-Verlag, pages 81-85. With this evaluation 
method, a computer uses the projection images to determine 
a 2-dimensional evaluation image that has a plurality of pixels 
and outputs the evaluation image to a user by mean of a 
monitor. The pixels of the evaluation image correspond to 
those of the projection images. The computer uses the time 
characteristic of the pixel values of the projection images to 
assign a pixel value to the pixels of the evaluation image. The 
pixel value of the evaluation image is characteristic of the 
time point of the maximum contrast change. 
A similar disclosure is given in the technical article “Esti 

mating Perfusion Using x-ray Angiography” by Hrvoje 
Bogunovic and Sven Loncaric. This technical article is pub 
lished in the Proceedings of the 4th International Symposium 
on Image and Signal Processing and Analysis (2005), pages 
147 to 150. According to this technical article, a subtraction of 
a reference image from the projection images takes place. 

The doctrines of the tWo latter-named technical articles are 
described in the context of angiographic examinations of 
coronary vessels of the human heart. This type of examination 
is at present one of the most important diagnostic aids of 
cardiology. Additional information such as the determination 
of the rate of How or the myocardial perfusion is further 
information that can be obtained by means of angiography. 
The essential diagnostic evidence is the perfusion of the myo 
cardium. 

The quanti?cation of the blood ?oW through the myocar 
dium using an angiographic procedure is problematic 
because the coronary vessels When angiographically 
observed have a diameter of barely 1 mm or more. These 
observed vessels end in millions of tiny capillary vessels 
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2 
Which have diameters of only a feW micrometers. The How 
dynamics and distribution in the capillary vessels ?nally 
determines the blood supply of the myocardium. Inference of 
the macroscopic blood How of the observed coronary vessels 
on the dynamics and distribution of the blood How in the 
capillary vessels is strictly speaking not permissible but such 
conclusions are, hoWever, often draWn on this basis. 

Angiographic-based heart perfusion imaging carries out 
long recordings, With the recordings lasting until the contrast 
medium has passed through the coronary vessels and is vis 
ible in the myocardium itself. This latter phase is knoWn as 
“myocardial blush”. The “myocardial blush” is assessed to 
obtain evidence of the supply of the heart With blood and, for 
example, to gauge the success of therapies and/ or estimate the 
risk pro?le for the patient. 

To make the blood ?oW dynamics in large vessels and in the 
capillary vessels measurable and therefore comparable, vari 
ous gradation systems are knoWn that divide the continuum of 
the possible conditions into discrete classes. Many of these 
classi?cations describe the macroscopic blood circulation 
and others the capillary blood circulation. The most common 
classi?cations Were determined by the scienti?c organization 
“Thrombolysis in Myocardial Infarction” (TIMI). These clas 
si?cations are regarded as standard. The TIMI classi?cations 
are frequently used in multicentric studies Where it is particu 
larly a question of reproducible and comparable results. 
These classi?cations are, hoWever, complex and can be used 
only by expending considerable time. They are not usually 
used in routine clinical Work. 

By far the most frequently used method according to prior 
art is the visual estimation of the myocardial blush on the 
monitor. This procedure is often used for multicentric studies. 
A precondition for this procedure is that the angiographic 
recording is suf?ciently long to enable the introduction and 
Washout of the contrast medium to be detected. The visual 
estimation requires much experience and in practice is carried 
out only by TIMI-blush experts. 

Procedures are also knoWn by means of Which a computer 
aided attempt is made at a visual subj ective-personal estima 
tion. An example of such a method is given in the aforemen 
tioned technical articles by Urban Maltsch and Bogunovic. 

Although the procedures in the aforementioned technical 
articles represent a good starting point they still have short 
comings. In particular, it is necessary With the procedures 
according to the technical articles to identify the vessels of the 
vascular system in the projection images in order to be able to 
hide these vessels When evaluating the myocardial blush. It is 
also necessary With the procedures according to the technical 
articles to operate With DSA images. This presents a distinct 
danger of artifacts. Computer intensive processors for move 
ment compensation are necessary to avoid artifacts. 

Evaluation methods for 2-dimensional projection images 
are also described in German patent application DE 10 2005 
039 189.3. This patent application Was still not available to 
the public on the date of ?ling of this present invention and 
does not represent a general prior art. This patent application 
has to be examined With regard to novelty only in the German 
patent granting procedure. The method described in patent 
application DE 10 2005 039 189.3 is already very effective. In 
particular, an automatic identi?cation of the vessels of the 
vascular system is possible by means of this method. Further 
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more With the evaluation method described therein it is not 
absolutely necessary to Work With DSA images. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an evalu 
ation method and the devices corresponding hereWith by 
means of Which a simple identi?cation of the vascular system 
is possible inter alia using the projection images. 

The object is hereWith achieved With an evaluation method 
in that 

a computer determines a 2-dimensional evaluation image, 
With the aid of combination images, said evaluation 
image has a plurality of pixels and outputs the image to 
a user via a monitor, 

that each combination image is determined With the aid of 
projection images of a group in each case, 

that each combination image has a plurality of pixels With 
pixel values and the sequence of combination images 
shoWs the time characteristic of the distribution of a 
contrast medium in the object under examination, 

that the pixels of the evaluation image correspond With 
those of the projection images, 

that a computer, at least in a part area of the evaluation 
image, assigns a type to each pixel that is characteristic 
of Whether the particular pixel corresponds to a vessel of 
the vascular system, a perfused part of the environment 
of a vessel of the vascular system (perfusion area) or a 
non-perfused part of the environment of a vessel of the 
vascular system (background), and 

that the computer assigns the type on the basis of the time 
characteristic of the pixel values of the combination 
images. 

The combination images are evaluated in accordance With 
the invention. Also an assignment to one of the “vessels”, 
“perfusion area” and “background” types takes place by 
means of the evaluation of the time characteristic of the pixel 
values of the combination images. In contrast to the knoWn 
prior art, it is no longer necessary With the present invention 
for the user to specify Which area of the combination images 
corresponds to the myocardium. The computer can instead 
automatically carry out the type assignment on the basis of the 
combination images. 

The evaluation method according to the invention can be 
universally applied. It can also be applied especially if the 
object under examination does not move. An example of such 
an object under investigation is the human brain, in Which 
circulatory problems, as With the human heart, can occur. An 
acute circulatory problem of the brain is knoWn as a “stroke”. 

In most cases the object under examination is an iteratively 
moving object under examination, eg the human heart. In 
this case, it is possible for a series of images to be initially 
captured and then sent to the computer. In this case, phase 
information relating to the object under examination can be 
assigned to each image of the series. The combination images 
in this case are selected from this series, With it being noted 
that the phase information assigned to the combination 
images can deviate by a maximum of one phase boundary 
from a reference phase. Both the reference phase and the 
phase boundary can be speci?ed to the computer by the user. 

The computer preferably determines the number of 
selected combination images and passes this information to 
the user via the monitor. This process affords the possibility of 
a visual check by the user to determine Whether the reference 
phase and/or the phase boundary is/are Well determined. If 
necessary, the total number of captured iterations of the object 
under examination can additionally be output. 
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It is possible for the user to select one of the projection 

images or one of the combination images and for the com 
puter to then send the selected image together With the phase 
information assigned to this image and/or together With the 
deviation of the phase information assigned to this image to 
the user via the monitor. This procedure enables the user to 
see the magnitude of the deviation of the phase information of 
the output image from the reference phase. 

The part area is preferably marked as such in one of the 
projection images, in one of the combination images or in the 
evaluation image. The marking can, for example, be carried 
out by means of a highlighted border, e. g. a black border. This 
makes it easy for the user to see Which area is speci?ed as the 
part area. 
The part area can be prede?ned. Preferably, this is speci?ed 

in advance to the computer by the user. 
The computer preferably performs the type assignment 

using the time characteristic of the pixel values of those pixels 
of the combination images that lie Within a 2-dimensional 
type evaluation core of the combination images determined 
by the respective pixel of the evaluation image. This mini 
miZes any noise in?uence. 

The type assignment is particularly simple if the computer 
divides at least the part area of the evaluation image into type 
lots each consisting of several pixels and then performs the 
type assignment by lots. This reduces the computing effort for 
the type assignment by a factor of N/ M, Where N is the 
number of pixels and M is the number of type lots. Small 
rectangles (especially squares), small regular triangles or 
small regular hexagons are normally used as type lots. Other 
structures are also possible. The structures can even be irregu 
lar. 
The computer preferably determines the Weighted or 

unWeighted mean value and/or the maximum of the pixel 
values occurring in the type evaluation core for each combi 
nation image and performs the type assignment using the time 
characteristic of the mean value and/or of the maximum. In 
this Way, the evaluation method can on one hand be realiZed 
relatively simply and on the other hand it is very reliable and 
robust. A type evaluation core can correspond especially to 
the respective type lot. 

Preferably, the computer also determines an extent of a 
perfusion (degree of perfusion) for those of the pixels of the 
evaluation image to Which it has assigned the “perfusion 
area” type and assigns this extent to the respective pixel. 

For example, it is possible for the computer to perform the 
assignment of the degree of perfusion using the time charac 
teristic of the pixel values of those pixels of the combination 
images that lie in a 2-dimensional extent evaluation core of 
the combination images determined by the respective pixel of 
the evaluation image. 
The computer preferably divides at least the part area of the 

evaluation image into extent lots, each consisting of several 
pixels, and performs the assignment of the degree of perfu 
sion by lots. By this means, the computing cost can be sub 
stantially reduced, similar to the type assignment. 
The evaluation method according to the invention can be 

particularly simply implemented if the computer determines 
the Weighted or unWeighted mean value of the extent evalu 
ation core for each combination image and assigns the degree 
of perfusion using the time characteristic of the mean value. 
The extent evaluation core preferably corresponds to the 

respective extent lot. 
The extent evaluation core can be identical to the type 

evaluation core. This simpli?es the inventive evaluation 
method. 




















